Tobacco thrips, Frankliniella fusca, which is a vector of Tospovirus, is a serious pest of tobacco, peanuts, and cotton in the United States. It was said that immigration of the adult thrips from weed hosts into crop fields is a cause of TSWV epidemy in the field. Recently this pest thrips was introduced into Japan. We investigated survival rate, developmental time, and fecundity of a Japanese strain of F. fusca on leaves of tobacco, peanut, and green bean at 18˚C. Thrips could not complete larval development on 3 Nicotiana species, N. tabacum, N. gossei, and N. rustica. On the other hand, survival rate from hatching to adult emergence on peanut and green bean is 78% and 86%, respectively. A female adult thrips lived during about 25 days and deposited 101 eggs on green bean, but died within 10 days without ovipositing on Nicotiana spp. The tobacco is not a reproductive host plant that permits tobacco thrips to propagate, but an adult food source that is susceptible of TSWV.
Introduction
Tomato spotted wilt virus (family Bunyauirdae, genus Tospovirus) causes economic losses to many cultivated crops. Tomato spotted wilt virus (TSWV) has a wide host range that includes several hundreds of plant species over 20 families [1] , and it is a serious economic threat to tobacco, Nicotiana tabacum L. and peanut, Arachis hypogaea L. [2] - [6] .
TSWV is vectored exclusively by several thrips species, including the tobacco thrips, Frankliniella fusca, which are commonly observed on tobacco plants in USA [2] [3] . The virus must be acquired by thrips larva in which it multiplies and survives through the larval developmental stages. Mature adults became viruliferous and remain so throughout their lives [7] . Recently, the tobacco thrips was introduced into Japan [8] .
The tobacco thrips is highly polyphagous and has been reported as the predominating thrips species on tobacco foliage in USA [2] [9] , but few immature thrips have been collected on tobacco plants [2] [9] . Thus, it was suggested that there is little potential for secondary spread of the virus for populations on tobacco plants. They suppose that adults of tobacco thrips immigrate into tobacco fields from weed host in early season [1] [9] [10] . However, development and oviposition of the tobacco thrips on tobacco foliage have not been confirmed. Because F. fusca is a thrips species most likely to vector TSWV to a lot of susceptible crops, the development and the reproduction on not only adequate host plant species but also unsuitable host plant should be evaluated. Especially in crops fields where resources are provided in large areas, some may become source of viruliferous thrips, even if the crop plant is not good host for tobacco thrips. Biotic performance of the tobacco thrips has been investigated on a few crops, including cotton, Gossypium spp. [11] [12], peanut [13] [14] , and tomato, Lycopersicon esculentum Mill. [14] and it is known that green bean is adequate to maintain population in laboratories [14] . Although pods of green bean were typically used to maintain culture of F. fusca [1] [15] [16] , foliage is more available in time and space than pods in fields. Thus, we investigated suitability of tobacco plants as host plants of F. fusca in comparison with peanut and green bean, using leaf discs.
Materials and Methods
A thrips strain was originated from population on narcissus bulbs (Narcissus pseudonarcissus L.) produced in Fukushima Prefecture, Japan, in 2002 [17] . The strain was maintained on germinated broad bean seeds Vicia faba L. (provided by International Fodder Industry as food for pigeons) which were placed on a moist Kimtowel® (produced by Cresia), in polystyrene containers (97 × 137 × 50 mm), as described in previous papers [17] [18]. The strain was kept at 22.5˚C and 15L9D.
Transparent plastic tubes (18 mm in diameter and 49 mm in length) with leaf discs were used as rearing cages for all experiments [17] [19] . Both ends of the tubes were covered with M-film®. Leaf disc (18 mm in diameter) was fixed between one end of the tube and the film. Each thrips in the cage was able to feed on surface of leaf discs (ca. 2.3 cm 2 ). Several female pupae were transferred from the stock culture to rearing cages with the surface of green bean Phaseolus vulgaris L. (cv. Tsurunashi-purasu-namame) leaf discs and reared under 18˚C and 15L9D. Within 3 days after adult emergence, the females were allowed to mate with 2 -5 day-old males and reared at the same photothermal condition. Number of mated females per cage was two, and they were transferred into fresh cages every day. Cages with leaf discs containing eggs laid by the mated females were kept at the same condition as the parent. Newly hatched larvae were placed in fresh cages with leaf discs of one of 5 plant species: Nicotiana tabacum L. (cv. BY-1), N. gossei Domin, N. rustica L., A. hypogaea L. (cv. Chibahandachi), and P. vulgaris (cv. Tsurunashi-purasu-namame), and reared under the same conditions. The larvae were transferred into fresh cages every 4 days, and number of individuals per cage was 2 -6 until emergence. Leaves were taken from young plant before flowering. Survival and developmental stages were recorded daily.
Some newly emerged female adults on P. vulgaris leaf discs were allowed to mate with newly emerged males. Each of the mated females was transferred to fresh cages with leaf discs of one of the 3 plants: N. tabacum, N. gossei, and P. vulgaris, every 2 days and reared individually throughout their lives under 18˚C and 15L9D. Numbers of eggs deposited by them were recorded every day until death.
Since leaf discs of food plant dried up and deteriorate only a few days after supplying at higher temperature conditions, we surveyed rearing trials at 18˚C. It is known that F. fusca can complete immature development above 13˚C [13] and deposit eggs above 18˚C [17] . Tobacco plants in the fields are usually planted in April in the mainland of Japan, and mean daily air temperature in the early growing season is between 14˚C -18˚C.
Statistical analyses were performed by PASW® Statistics Base ver. 18.0 [20] and the R statistical package version 2.15.3 [21] .
Results
On three species of Nicotiana, F. fusca died in larval stage ( Table 1) . On two species of Leguminosae, the to- Table 1) . Survival rate and the mean longevity were significantly different between adult females on green bean and those on each Nicotiana plant, respectively (logrank test using Cochran-Mantel-Haenszel method for survivorship curve, p < 0.001 for each; Scheffe's multiple comparison for mean longevity, p < 0.05 for each). Both mean longevities of the adults on two Nicotiana species (6.0 days on N. tabacum, and 6.1 days on N. gossei) and survival rate of them (Figure 1) were not significantly different from each other, respectively (log-rank test using Cochran-Mantel-Haenszel method for survivorship curve, p > 0.8; Scheffe's multiple comparison for mean longevity, p > 0.9).
Discussion
Although the tobacco thrips is an important pest on various cultivated plants, there is little information on mortality, development, and fecundity on different plants. Life history parameters of this thrips on cultivated crops have been recorded only on peanut and cotton [11] - [14] . On other plants including tomato and pepper, Capsicum annuum L., it has been mentioned that they can maintain population. In addition, cultures of F. fusca can be kept on green bean pods and whole green bean plant, [11] [12] [14] - [16] . However, no life history parameters on green bean have been reported. In the present study, no significant difference was found in survival rate between thrips on leaves of peanut and on those of green bean, and immature development time was shorter for thrips on green bean than that on peanut. Furthermore, this study indicated that a female deposited about a hundred eggs on green bean, and the number of eggs laid was about twice or thrice as those on peanut and cotton [13] . These results suggested that green bean is a suitable host plant of tobacco thrips.
Inter-specific difference on resistance of tobacco plant to pest insects is well known, and in general, wild tobacco plants express higher resistance than cultivated tobacco plant, N. tabacum [22] [23] . For example, mortalities of the greenhouse whitefly, Trialeuroides vaporariorum (Westwood), the sweet potato whitefly, Bemisia tabaci (Gennadius), and the green peach aphid, Myzus persicae (Sulzer) were significantly higher for nymphs on wild tobacco, N. gossei, than those on N. tabacum [22] [24] . The present study revealed that tobacco thrips cannot complete their larval development and does not oviposit on wild tobacco plants or on cultivated tobacco plant. These results showed that Nicotiana spp. is not good host plant for F. fusca.
Adult thrips of F. fusca died within 10 days on leaf discs of tobacco even at 18˚C, suggesting that in tobacco fields virus transmission to tobacco plants occurs after immigration of viruliferous adult thrips. Prior to invasion of F. fusca, twenty-two species of thysanopteran insects had been found on tobacco plants but only Thrips setosus Moulton successfully reproduces on the plant bodies of tobacco in the southwestern Japan, and the other thrips species incidentally come from weeds or adjacent crops where they increased explosively [25] . At present, there is no record of F. fusca on tobacco plants in Japan. The tobacco thrips might be also an incidental visitor to tobacco fields. Our findings support that TSWV occurrences in tobacco fields mainly depend on immigration of macropterous adults of tobacco thrips produced on host plants other than tobacco in the spring after tobacco planting [16] , because the tobacco thrips exhibits wing dimorphism and brachypters are not able to fly. Only brachypters of tobacco thrips occurred at moderate and lower temperature conditions below 18˚C on green bean leaves, though it is known that higher temperatures induce production of macropterous females [17] . Thus, it is not likely that proportion of macropters of tobacco thrips in wild populations on weeds and winter crops increase in winter season. An understanding about environmental and genetic mechanisms regulating the macropter production in tobacco thrips seems to be the first step to decrease economic damages by TSWV and the tobacco thrips in tobacco production. Perhaps, incidence of macropters in spring population on weeds is of critical importance. Further studies are needed to clarify influences of food plants (quality and quantity of nutrient) and population densities on wing form determination in the tobacco thrips.
